T HE possible role in the pathogenesis of arteriosclerosis of deposits of fibrin on the arterial wall has created an interest in the mechanism of their formation and removal. We have recently reported on the high thromboplastic and low fibrinolytic activities of the central layers of the human aorta. 1 This observation has prompted a study of the tliromboplastic and fibrinolytic activities of samples of human aortas with varying degrees of arteriosclerosis and atheroinatosis. METHODS Thromboplastw Activity. Fresh tissue (200 ing.) was finely disintegrated in 0.9 per cent NaCl (l.S ml.) in a Potter homogenizer and the suspension was stored at -20 C. for a few days for complete release of thromboplastic activity from the cells. Preliminary investigations had shown that estimations made directly with nonfrozen solutions were erratic and inconsistent, since tissues of the vessel wall are more resistant to extraction than most other tissues. After thawing and retreatment in a homogenize!', coarse particles were removed by filtration through cotton wool. Serial dilutions were prepared in 0.9 per cent NaCl. The clotting times were estimated at 37 C. in siliconized tubes by recalcification of the following system : 0.2 ml. fresh rabbit citrate plasma (handled in siliconized glass-Prom tlio Biological Institute, Chrlsberg Foundation, Copenhagen, Denmark.
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Received for publication June 30, 1959. wnre), 0.5 ml. 0.9 per cent XaCl and 0.1 nil. tissue suspension. After preheating for 3 min., 0.2 ml. CaClv, solution (0.030 M or 0.035 M according to the citrate concentration in the rabbit plasma used) was added. Unpublished studies on the thromboplnstiu nativities of tissues have shown that bovine plasma (oxalated, obtained from the abbattoir), and human plasma (eitrated or oxalated) gave less consistent results than freshly drawn eitrated rabbit plasma (obtained by heart puncture). These observations were confirmed in this study. For comparison, the activity of a suspension of fresh human brain was simultaneously estimated. The human brain suspension was prepared similarly, including the freezing. The brain preparation made in Owrens P-P method may conveniently be used after taking into consideration its content of oxalate. Fibrinolytie Activity. The concentration of plasminogen activator in the tissues was estimated according-to the principle recently described-with minor modifications, since the activities were low and a complete extraction of the active agent was not required. Fresh tissue (100 nig.) was finely disintegrated in a-Potter homogenizer with 2 M KSCN T (3.0 ml.) followed by slow mechanical shaking for 2 hours. After centrifugation, the supernatant was diluted with 7 volumes of H L >O and X HC1 was added until pll 1 was obtained. After standing for 15 min. and eentrifuging, the precipitate was redissolved in 1 ml. 2 M KSCN by neutralization with solid NaHCO a , using neutral litmus paper as an indicator. Only a single extraction was used whereas the original procedure used 3. The solution was 3 times more concentrated than in the original procedure since 1 ml. corresponds to 3 nil. tissue extract containing 100 ing. fresh tissue. The fibrinolytic activity of serial di-
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Circulation Research. Volume VII, November 1959 Abscissa, concentration of solution in percentage of the stock solution; ordinate, fibrinolytie activity recorded as product of two diameters of the lysed zones on the fibrin plates (triplicates). Concentrations estimated by interpolation on the standard curve and converted into units of the standard preparation per gram fresh tissue. In the marked examples the solutions had respectively 60 and 6 per lutions of this activator solution was estimated on normal fibrin plates as previously described 3 using 0.1 per cent bovine flbrinogen* (containing plasminogen). The activities obtained were converted into units by interpolation upon a dilution curve obtained from a standard preparation simultaneously estimated as described before. 2 Tissue Samples. Samples of human aortas were obtained from autopsy material from hospitals in or near Copenhagen. Apparently normal samples were collected from patients with no arteriosclerotic or similar diseases, some of whom were accident cases. Arteriosclerotie and atheromatous aortas were collected separately and roughly classified in three groups (slight, moderate, and bad) according to the degree of atheromatosis. It was possible to separate the layers of the vessels when it was done under water. In air the drying of the tissues made complete separation impossible. The endothelial fraction was obtained by scraping and contained material from the iutima proper. Where too little of either was available, these two layers were estimated together.
RESULTS

Tliromboplastic
Activity. An example of the estimation of thromboplastic activity is presented in figure 1 . By using logarithmic plots, linear curves are obtained 4 which usually deviate only in the higher dilutions where the clotting times approach the spontaneous clotting times of the substrate plasma.
In order to obtain accurate results, the recalcification time of the substrate plasma must, therefore, be high. As mentioned, we prefer freshly drawn citrated rabbit blood taken in siliconized vessels with a syringe treated with olive oil. The spontaneous recalcification time of the test system should not be below 5 min. The activities were expressed by interpolation of the values ob- The following results were obtained: Adventitia, 37 per cent of standard, 67 U./Gra.; intima, 13 per cent of standard, 23 U./Gin.; media, 3.5 per cent of standard, 6 U./Gm. tained for the concentrated stock solution on the dilution curve of the human brain thromboplastin. Though this is not a completely stable preparation, an expression of the concentration of thromboplastic substance in the arterial wall in terms of fractions of the concentration in the brain suspension is satisfying, since a fully quantitative estimation could not be accomplished because of the structure of the vascular tissue. The large individual variations between the concentrations estimated in various patients, which could not be explained solely by valuations in the preparation of the stock suspensions, also invalidated any attempts to be more quantitative. Nearly all dilution curves paralleled the brain curve. This means that the relation can be expressed solely in terms of concentration of the thromboplastic agent. Apparently no inhibitory material was present since this would have changed the slopes of the curves. Deviations were usually encountered only in samples with low thromboplastic activity, where accurate estimations had very little significance. It is also interesting to note that this applies to normal as Avell as to pathologic aortas. Therefore, the curves show that a comparison between the activities of normal and pathologic samples performed in this manner should be valid.
It is apparent that there are large individual variations in normal aortas (table  1) . Nevertheless, it is easily seen that the adventitia always has a very low activity (0 in the table).
The samples of adventitia from the atheroniatous aorta also usually show much less activity than the other layers (table 2) . No apparent relation between the thromboplastic activities of the various layers and the degree of atheromatosis is present. In nearly all cases (normal and pathologic) the media shows a lower thromboplastic activity than does the endothelium and intima. tissue is demonstrated in figu:e 2. The corresponding samples of intima and media showed no activity.
Nearly all samples (normal and pathologic) produced dilution curves having the same slope as the standard preparation. Deviations were encountered in only a few cases and mostly as a downward deflection at the highest concentrations, probably indicating an occasional presence of small amounts of inhibitory material. Apart from these few cases, the identical slopes demonstrate thai the fibrinolytic activities can be expressed solely in terms of concentrations of plasminogen activator. The activities of the samples were therefore recorded by interpolation from the endpoints (at 100 per cent concentration) of the dilution curve of the samples upon the standard curve, and the corresponding concentrations calculated in units of the standard preparation per gram fresh tissue ( fig. 2 , tables 3 and 4). Tables 3 and 4 demonstrate that there is always considerable, and sometimes very high, activity in the adventitia. Endothelium, intima and media show no, or occasionally very little, activity. There is no apparent relation between concentration of activator in the adventitia and the degree of atheromatosis. There seems, however, to exist a connection between age and adveutitial activity, since the highest activities apparently gather in the highest age group of normal persons, and since the pathologie group, which per se represents a higher age. in general, is higher than are the normal samples.
During these experiments it was noticed that when samples of endothelium, intima and media were precipitated and ccntrifuged. the supernatant nearly always remained cloudy and the amount of precipitate was usually small in comparison with that obtained from samples of adventitia, which were always clear after centrifugation. In some experiments, samples were homogenized in acetone followed by ether, in order to remove fatty material, and then dried overnight before extraction with KSCN, but the supernatants did not become more clear than those prepared from the untreated controls. The period of centrifugation was lengthened with no apparent positive results, neither did high speed centrifugation produce clear solutions. However, on several TI-IROMBOPLASTIC AND FIBRINOLYTIC ACTIVITY 973 occasions the supematants were clear after centrifugation and, in these cases, the endothelium and intima showed a trace of activity. Traces of activity in other layers than the adventitia occur slightly more frequently in the normal material than in the pathologic, but were too erratic to be significant.
It is noteworthy that in a sample of adventitia with very high activity, where the normal extract produced a downward deflection of the curve from the straight line at the highest concentrations, this deflection was nearly absent in the acetone and ether treated samples, indicating a removal of some inhibitory material. No destruction of the activator activity was noticed in this sample, which is in accordance with the known stability of the (issue activator towards acetone and ether. A sample of intima (inactive) was treated with acetone, chloroform or ether before extraction with KSCN in order to see if any activator activity would appear after removal of lipid mate-rial, but none of the resulting solutions showed activity. The absence of inhibitory material is further strengthened by the results obtained in orientating experiments in which KSCN extracts of intima, media and adventitia were tested for antitryptic activity against a solution of trypsin.* The test was performed on fibrin plates, which had been heated at 85 C. for 40 min. in order to destroy the contaminating plasminogen 3 so that the effect of the tissue activator or the plasminogen activating effect of trypsin would not interfere with the estimations. No decrease of the activity of the trypsin solution (which contained 0.25 mg. of the trypsin preparation/per ml. in 0.025 N HC1 and was diluted 2:15 in barbital buffer at pH 7.8 immediately before use) was observed in any of the dilutions of tissue extracts used. Hence, the inactivity of these layers apparently is caused by the absence of ac-' tive substance and not by the presence of inhibitory material. A few of the samples were also tested for protease activity directly on heated fibrin plates. No activity was observed, indicating that the effect on the normal fibrin plates is caused solely by a plasminogeu activator and that no fibrin splitting protease is present in the tissues.
For comparison, a few estimations were performed on samples of aorta from monUeyst ( fig. 3 ). As in man, the adventitia showed a high activity. However, the intima and media (or in one sample the combined intima and media) also showed some activity in all 3 cases investigated, which in one case of intima amounted to nearly 25 per cent of the concentration present in the adventitia from the same animal.
DISCUSSION
The most important result is that the investigation of normal and pathologic speci- mens confirms our preliminary observation that the layers of the human aorta differ in their thromboplastic and fibrinolytic activities. The adventitia always contains significant amounts of plasminogen activator, often in high concentration. The media and the intima are usually completely inactive, but occasionally very small amounts can be encountered. Thromboplastic activity is usually absent or low in the adventitia and high in the more central layers, but the estimations of thromboplastic activity in the A'arious layers show a much wider variation than the more uniform results of the fibrinolytic estimations. In both cases there are large individual variations. However, the fibrinolytic activity of the adventitia tends to be higher in older persons than in younger ones. This interferes with the evaluation of the results, since the group of atheromatous patients is comprised of a higher proportion of older persons. There is, perhaps, some indication of a relatively lower fibrinolytic activity in the adventitia of persons with lower degrees of atheromatosis. No other correlation with any diseases is apparent.
The physiologic and pathologic significance of these observations lies in the fact that any intimal injury can lead to local release of thromboplastic material. Fibrin deposited from the circulating blood can therefore accumulate locally. Since there is no fibrinolytic activity (or only occasional traces) in the intima and media of the aorta, the resolution of the deposited fibrin can be effected only by the fibrinolytic agents in the circulating blood, i.e., by a Immoral mechanism.
There is normally little thromboplastic activity and a high fibrinolytic activity in the adventitia. The conditions in this tissue are therefore different from those in the intima and the media."• 7 The apparent increase in fibrinolytic activity of the adventitia with age is iuteresting since it probably reflects an increased \&scularization. Todd s has recently developed an histologic fibrin-film teehnic and with his method demonstrated high fibrinolytic ac-tivity in the veins and the pulmonary arteries. The systemic arteries show less activity. His observations thus confirm the result of our extraction experiments concerning the flbrinolytic activity of the arterial wall.
Our intention was to compare a group of patients with little or no atheromatosis with a group with more advanced atheromatosis. An ideal comparison would be between arterial walls in normal persons and in persons developing atheromatosis, which could provide information about the significance of the fibrinolytic and thromboplastic activities of the Avails for the development of this process. However, stated in this way, the problem is inaccessible by direct means. We have tried to excise normal parts of the atheromatous aortas, avoiding the plaques, in order to compare a normal artery with an apparently normal part of an atheromatous artery. Nevertheless, the diseased artery represents a late stage in a chronic disease and possibly cannot be compared directly with a normal artery. Furthermore, any comparison is made difficult by the fact that the thromboplastic activities of the intima and media are generally very high and the fibrinolytic activities always very low, making an estimation of small variations difficult. In this respect, the results obtained with the adventitia are probably better to compare, since the fibrinolytic activity varies considerably and the thromboplastic activity is generally much lower than in the intima and media. Therefore, the increase of fibrinolytic activity of the adventitia with age probably represents a true correlation.
The uniformity of the results emphasized that any intimal injury can very easily precipitate a local process of coagulation, platelet agglutination and fibrin deposition, and that the resolution of the deposited fibrin apparently depends solely on the availability of fibrinolytic agents in the blood stream. In this respect, it is interesting to recall the recent experiments by Back, Ambrus, Simpson and Shulman 0 in which they demonstrate that after organization and incorporation of a thrombus in the vessel wall, a fibrinolytic enzyme introduced in the blood is unable to redissolve the clot. This stresses the significance of the hemostatic balance, including the mechanism of fibrinolysis, in the early phase of local tissue repair on the inner surface of a vessel wall as previously suggested. 7 ' 10 The adherence of the thromboplastic material and the fibrinolytic agent in tissues to the insoluble cellular proteins tends to confine their effects to the site of injury. This is clearly demonstrated by the necessity of freezing the tissue suspensions before estimating the thromboplastic activity. The active material can be more easily extracted with KSCN but, because of the high salt concentrations, these solutions cannot be used for estimating the thromboplastic activity.
The estimations performed express the concentration of active substance in the tissues. It could be asked if a calculation of the amount of active agent in a unit area of aortic wall would not constitute a better basis for comparison. Since the fundamental process in which we are interested, however, is the deposition of small amounts of fibrin upon an arterial wall and the fate of such deposits, we believe that it is the concentration of active agents in the injured tissues which determines the velocity of the deposition process, and also of the resolution process, if any fibrinolytic activity had been present in the injured intima.
It is interesting that the monkey aorta also shows a higher fibrinolytic activity in the adventitia than in the more central layers, though the activities are smaller than in most of the human material and some activity is apparently present in the central layers. The low concentrations of plasminogen activator observed here confirm the previous demonstration of lower values in monkey tissues than in human tissues. 11 Most animal tissues have a much lower activity than the corresponding human tissues.
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Since tissue thromboplastin produces normal coagulation of hemophilic blood, the release of tissue thromboplastin from an in-juiy of an intimal surface can also produce local deposition of fibrin on the arterial wall in hemophilia persons. As pointed out 14 there is no reason not to assume on the basis of the finding of arteriosclerosis in a hemophilia person by Stewart and Acheson, 15 that parietal fibi'in deposits, as suggested by Dnguid, 10 can cause arteriosclerosis. SUMMARY Normal and atheromatous human aortas were investigated for thromboplastic activity and fibrinolytic activity, estimated as concentration of plasminogen activator. In all samples there was high thromboplastic activity in the intima and the media, with usually much less, and very often no. activity in the adventitia.
The concentration of plasminogen activator in the adventitia varied greatly but was usually high. An increase in concentration with increasing age of the patient was observed. The intima and media usually contained no or very little fibrinolytic activity. The results support the suggested role of the thromboplastic activity in the tissues of the arterial wall (especially the intima) for the local deposition of fibrin after tissue injury and the role of the humoral mechanism for its resolution. ACKNOWLEDGMENT The skillful assistance of Miss Hanne Hybel is gratefully acknowledged. SlJMMARIO IX TNTERUNGUA Normal e atheromatose aortas human esseva investigate con respecto al grado del activitate thromboplastic e del activitate fibrinolytic (estimate como concentration de activator de plasminogeno). In omne le specimens alte grados de activitate thromboplastic esseva constatate in le intima e le media. In le adventitia iste activitate esseva usualmente mnlto minus pronunciate, e frequentemente illo esseva etiam completemente absente.
Le concentration de activator de plasminogen in le adventitia variava grandemente. In le majoritate del casos illo esseva alte. Un aumnento de su concentration con le avantiamento del etate del patientes esseva notate. Le intima e le media contineva usualmente nulle o un multo basse activitate fibrinolytic. Le resultatos supporta le suggestion que le activitate thromboplastic in le histos del pariete arterial, e specialmente in le intima, ha un function in le deposition de fibrina post trauma del histos.
